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(ABSTRACT. de Jong LD, Hoonhorst MH, Stuive I,
ijkstra PU. Arm motor control as predictor for hypertonia
fter stroke: a prospective cohort study. Arch Phys Med
ehabil 2011;92:1411-7.
Objectives: To analyze the development of hypertonia in the
emiparetic elbow flexors, and to explore the predictive value
f arm motor control on hypertonia in a cohort of first-ever
troke survivors in the first 6 months poststroke.
Design: A prospective cohort study.
Setting: A cohort of stroke survivors from a large, university-
affilliated hospital in The Netherlands.
Participants: Patients (N50) with first-time ischemic
strokes and initial arm paralysis who were admitted to a stroke
unit.
Interventions: Not applicable.
Main Outcome Measures: At 48 hours, 10 to 12 days, 3 and
months poststroke, hypertonia and arm motor control were
ssessed using the Modified Ashworth Scale and the Fugl-
eyer Assessment arm score.
Results: The incidence rate of hypertonia reached its maxi-
um before the third month poststroke (30%). Prevalence was
2% at 3 and 6 months. Participants with poor arm motor
ontrol at 48 hours poststroke were 13 times more likely to
evelop hypertonia in the first 6 months poststroke than those
ith moderate to good arm motor control. These results were
ot confounded by the amount of arm function training
eceived.
Conclusions: Hypertonia develops in a large proportion of
patients with stroke, predominantly within the first 3 months
poststroke. Poor arm motor control is a risk factor for the
development of hypertonia.
Key Words: Epidemiology; Muscle hypertonia; Rehabilita-
tion; Risk factors; Stroke; Upper extremity.
© 2011 by the American Congress of Rehabilitation
Medicine
ANNUALLY, 15 MILLION PEOPLE worldwide have astroke. Five million of them are left permanently disabled,
placing a burden on both family and community.1 In almost
66% of the stroke survivors with initial motor deficits, the
affected arm remains without function after 6 months.2,3 Be-
cause of this lack of function, the patient’s affected arm re-
From De Vogellanden, Center for Rehabilitation, Zwolle (de Jong, Hoonhorst);
Department of Rehabilitation Medicine (de Jong, Dijkstra), the Center for Rehabili-
tation (Stuive), and the Department of Oral and Maxillofacial Surgery (Dijkstra),
University Medical Center Groningen, University of Groningen, Groningen, The
Netherlands.
No commercial party having a direct financial interest in the results of the research
supporting this article has or will confer a benefit on the authors or on any organi-
zation with which the authors are associated.
Reprint requests to Lex D. de Jong, MSc, PT, De Vogellanden, Center for
Rehabilitation, Dept of Physiotherapy, PO Box 1057, 8001 BB Zwolle, The Nether-
lands, e-mail: l.de.jong@vogellanden.nl.0003-9993/11/9209-01084$36.00/0
doi:10.1016/j.apmr.2011.03.026mains inactive and immobilized. Over time, the central nervous
system and (connective) tissues of the arm adapt to this state of
inactivity,4,5 often resulting in residual impairments such as
ontracture and hypertonia.
Poststroke hypertonia (increased resistance to passive
tretch) has been associated with dependence in everyday ac-
ivities,6 motor impairments, activity limitations,7,8 worse arm
motor recovery, and a longer time to admission for rehabilita-
tion.9 Ideally, knowledge about epidemiologic data concerning
ypertonia and its associated prognostic variables might help
hysiatrists and therapists to recognize how often it occurs and
hich patients are at greater risk of developing hypertonia so
hat preventive measures could be taken in daily clinical prac-
ice. However, data about the incidence of hypertonia are
carce, and until recently, only a few postacute prognostic
ariables could be identified as a risk factor 12 months after
troke.10,11 Besides that, the available data about the prevalence
are rather heterogeneous because of differences in patient
groups (acute vs chronic/ischemic vs hemorrhagic stroke), as-
sessment timing (ranging between 5.4d and 18mo), assessment
methods (Ashworth Scale, Modified Ashworth Scale, Tone
Assessment Scale), study design (cross-sectional vs longitudi-
nal), and the clinical definitions of hypertonia.6,7,9,12,13 More-
ver, because hypertonia may fluctuate over time in about 5%
o 7.5% of the patients,7,12,14 data from cross-sectional studies
ay underestimate or overestimate the prevalence of hyperto-
ia.
The 2 major contributors to hypertonia are reflex hyperex-
itability and the passive mechanical properties of the muscle
contracture).15 A more serious degree of upper motor neuron
damage (ie, a larger stroke) results not only in less recovery16
but also in the development of significantly more clinical
manifestations such as reflex hyperexcitability.17 In addition,
full arm paralysis or severe paresis is likely to result in learned
nonuse18 of the hemiplegic arm, increasing the chance of
contracture development. Since the combined effects of reflex
hyperexcitability and contracture can cause increased resis-
tance to passive stretch, one may expect that patients with




GEE generalized estimating equations




TMS transcranial magnetic stimulation
t0 prestroke
t1 assessment at 48 hours poststroke
t2 assessment after 10 to 12 days poststroke
t3 assessment at 3 months poststroke
t4 assessment at 6 months poststroke






































































1412 POSTSTROKE ARM HYPERTONIA AND MOTOR CONTROL, de Jongpoorest level of recovery of arm motor control) are more at risk
for the development of hypertonia. Although some literature
reports on how arm hypertonia evolves poststroke,12,19 to date
little is known about whether hypertonia develops differently in
specific subgroups of patients. To test this hypothesis, sub-
groups have to be formed based on the level of arm motor
control. Findings from 2 recent studies showed that patients
with severe arm paresis had 1019 to 226 times higher odds of
having hypertonia at 1 month and 1 year poststroke, respec-
tively, compared with patients with no and moderate paresis.
However, in both studies, hypertonia was deemed present if
resistance to passive movement was felt during any of 8 dif-
ferent passive arm movements performed, which gives little
detail about which muscles are most prone to hypertonia de-
velopment. Moreover, 1 study6 was a cross-sectional survey 1
year after stroke, presenting results from which it is difficult to
predict who is (most) at risk of developing hypertonia and who
may benefit from preventive intervention early after stroke
onset. Collecting prospective data from single arm muscle
groups would facilitate more accurate predictions.
The aim of this study was 2-fold: (1) to analyze the incidence
and prevalence of hypertonia in the hemiplegic elbow flexors
during the first 6 months poststroke, and (2) to analyze the
influence of motor control and time on the development of
hypertonia. We hypothesized that (1) stroke survivors with
poor recovery of motor control were more at risk for the
development of hypertonia than those with a better level of
recovery, and (2) the longer the period after stroke, the greater
the risk for hypertonia.
METHODS
Participants and Study Design
The current study was part of a cohort study on the predic-
tive value of transcranial magnetic stimulation (TMS) for re-
covery in ischemic stroke (M.H. Hoonhorst, unpublished data,
2011). The original cohort, 73 patients with first-ever ischemic
strokes who were admitted to a specialized stroke unit of a
large university-affiliated hospital (Isala Clinics, Zwolle, The
Netherlands), was recruited between August 2005 and Febru-
ary 2008. Eligible participants were those who were unable to
elevate the arm while lying in a supine position, unable to
voluntarily move the fingers during the first physical screening,
or both. After confirmation of the diagnosis by computed
tomography or magnetic resonance imaging scan, the patient
had to be hospitalized within the first day after the onset of
symptoms and had to show a unilateral paralysis or significant
paresis of the arm (Medical Research Council score, 0–3).
Patients were excluded if they had severe loss of conscious-
ness, were comatose, terminally ill, unable to receive neurore-
habilitation because of severe comorbidity, or if contraindica-
tions to TMS were present.20 In addition, patients without clear
otor deficits within 24 hours of stroke onset (resulting from a
ransient ischemic attack) as clinically judged by the neurolo-
ist were also excluded. Each participant was assessed within
8 hours (t1), after 10 to 12 days (t2), and after 3 (t3) and 6 (t4)
onths postonset. All participants or close relatives gave writ-
en informed consent. The study was approved by the local
edical ethics committee.
linical Assessments
At baseline (t1), the participants’ characteristics (age, sex,
ffected side) and Barthel Index scores were collected. Hyper-
onia was assessed using the 6-point Modified Ashworth Scale
MAS),21 which is a valid indicator of resistance to passive o
Arch Phys Med Rehabil Vol 92, September 2011tretch.15 During administration of the MAS, the participants
ere seated in a comfortable position with their forearms in
upination. Participants were instructed to relax while the rater
rst passively moved the forearm from full flexion to full
xtension to determine the available range of motion. This was
one slowly so as not to elicit any reflex activity. Then the
ame movement was repeated in approximately 1 second by
ounting “one thousand and one” to rate the actual resistance to
assive movement. Clinically relevant hypertonia was opera-
ionally defined as an MAS score of at least 1 (slight increase
n muscle tone, manifested by a catch, followed by minimal
esistance throughout the remainder [less than half] of the
ange of motion). Motor control of the hemiplegic arm was
ssessed using the 66-point arm section of the Fugl-Meyer
ssessment (FMA).22 The FMA has an excellent reliability,
as good construct validity,23,24 and is highly responsive for
changes in motor function after stroke.25 We considered par-
icipants with an FMA score of 18 points or less as having poor
otor control, and participants with more than 18 points as
aving moderate to good motor control. During the t2, t3, and
4 assessments, participants were additionally asked to report
heir weekly frequency of occupational therapy (OT) and phys-
cal therapy (PT), and whether arm function training (yes or no)
as part of the treatment program in the weeks before the
ssessments. All assessments were performed in the hospital or
utpatient location by the same rater (M.H.H.).
tatistical Analyses
Descriptive statistics were used to report participant charac-
eristics at baseline. Incidence proportion (number of partici-
ants developing hypertonia during a period/total number of
articipants at risk observed during that period) and prevalence
total number of participants showing hypertonia/total number
f participants) were calculated for t1, t2, t3, and t4. At these
ime points, the frequency of OT and PT and the number of
articipants receiving arm function training were compared
etween the 2 arm function groups (poor arm function vs
oderate/good arm function) by using an independent t test
nd a chi-square test, respectively. To estimate the predictive
alue of poor motor control and days after stroke for the
evelopment of hypertonia during the first 6 months, we di-
hotomized the MAS scores (MAS 1 and MAS 1) and
ubsequently performed a logistic generalized estimating
quations (GEE) analysis by using an exchangeable corre-
ation structure. With logistic GEE we predicted the dichot-
mous outcome variable (MAS) on the basis of a binary
redictor variable (FMA 18 points at t1, yes or no) and an
nterval predictor variable (days after stroke), while correct-
ng for dependency of the data within a participant (repeated
ssessments over time). The interaction between motor con-
rol and time was explored whereby time was recoded into days
fter stroke (t1–t4: 2, 11, 90, and 180d, respectively). For all tests,
he 2-tailed significance level was set at .05. All analyses were
erformed using SPSS (version 16).a
RESULTS
Of the initial 73 participants, 22 died and 1 was lost to
ollow-up (M.H. Hoonhorst, unpublished data, 2011), leaving
0 participants for data analysis. Their baseline characteristics
re shown in table 1.
Figure 1 shows how hypertonia (the MAS scores) developed
ver time. The incidence rate of hypertonia reached its maxi-
um (30%) between t2 (10–12d after stroke) and t3 (3mo after
troke); thereafter the incidence decreased. At 6 months post-
troke (t4), 21 participants (42%) had hypertonia (MAS 1),




































1413POSTSTROKE ARM HYPERTONIA AND MOTOR CONTROL, de JongTable 2 shows that 40% of the participants already had more
than 18 points on the FMA at t1. This percentage increased to
64% at t4. At 6 months postonset, 36% of the participants had
18 points or less on the FMA, and their median FMA scores
never exceeded a total of 5 points. In the other subgroup,
recovery of arm motor control seemed to have stabilized at
about 3 months poststroke with a median of 61 points.
Between the 2 FMA subgroups, no significant differences (P
values ranging from .074 to .98) with regard to the frequencies
of OT and PT were found for any of the time points (table 3).
The total frequencies per group were also not significantly
different (calculations not shown). Table 3 further shows that
only 0% to 4% of the participants with more than 18 points
on the FMA received arm training from physical therapists.
Occupational therapists continued arm treatment in most
participants irrespective of the level of arm function until t3.
After t3, only 13% of the participants with 18 points or less
Table 1: Characteristics of Participants With a First-Ever Ischemic




Paretic side (L/R) 26/24
Barthel Index 5 (2–8.3)
NOTE. Values are mean  SD, n, or median (interquartile range).
Abbreviations: F, female; L, left; M, male; R, right.
Fig 1. Flow chart depicting the development of hypertonia
(MAS >1), incidence proportions, and prevalence rates in/of 50
subjects during the first 6 months poststroke. Solid arrows repre-
sent participants who developed permanent hypertonia. Dotted
arrows represent the 4 individuals who showed a transient course
of hypertonia. Abbreviations: I, incidence proportion; P, prevalence
rate; t0, prestroke; t1, at 48 hours; t2, at 10–12 days; t3, at 3 months;
t4, at 6 months. Asterisk, number of participants who develop
hypertonia for the first time.on the FMA continued receiving arm training from occupa-
tional therapists.
Results from the GEE (table 4) revealed that an FMA score
of 18 points or less was a significant predictor for the presence
of hypertonia; these participants were 12.8 (95% confidence
interval [CI], 3.5–47.3) times more likely to develop hyperto-
nia (MAS1). Days after stroke (time) also was a significant
predictor of hypertonia; per day beta increased with .011. The
interaction between motor control and time was not significant
(P.58).
DISCUSSION
To our knowledge, this is the first longitudinal study
escribing in detail both the incidence and the prevalence of
lbow flexor hypertonia in the first 6 months poststroke, as
ell as the predictive value of arm motor control on its
evelopment. The incidence rate of hypertonia reached its
aximum before the third month poststroke (30%). A large
ortion (42%) of the participants had hypertonia at 3 and 6
onths postonset. The present study also shows that partic-
pants with poor motor control (ie, 18 points on the FMA) at
8 hours poststroke were 13 times more likely to develop
ypertonia in the first 6 months poststroke than those with
MA scores more than 18 points. Arm function training did not
onfound these findings. Additionally, the risk of developing
ypertonia increased significantly over time.
tudy Limitations
Some limitations of this study have to be addressed. First,
nly elbow flexor hypertonia was assessed with the commonly
sed MAS. Although there is considerable debate about the
linimetric properties of the MAS, several studies26-28 have
shown that its reliability is sufficiently high (eg, weighted
kappa.84 for interrater and .83 for intrarater comparisons27)
hen used to assess hypertonia in the elbow joint. However,
ecause elbow flexors are not the only arm muscles prone to
he development of hypertonia, the prevalence and incidence of
ypertonia of the affected arm after stroke may have been
nderestimated in the current study. Second, because we di-
hotomized the MAS scores, comparisons with the findings of
ther investigators may be hindered. We argue that clinically,
AS scores of 1 or less are not relevant, and patients with
hese scores do not receive interventions aimed at decreasing
ypertonia. Further, in our opinion, the “catch and release”
henomenon as part of score 1 of the MAS is caused by a level
f reflex hyperexcitability incapable of causing contracture. In
ddition, to be able to distinguish between no and clinically
elevant hypertonia, the rater has to be able to detect clearly the
ifferences in resistance to movement. When hypertonia was
uantified biomechanically, subjects with an MAS of 1
roved to have significantly higher resistance to passive move-
ents than subjects with an MAS of 0 or 1,29 which may be a
Table 2: Overall Values of FMA Arm Scores and Percentages of
Participants With an FMA Score of <18 Points and >18 Points at
48 Hours (t1), After 10 to 12 Days (t2), After 3 (t3) and
6 (t4) Months
FMA (N50) t1 t2 t3 t4
Median (IQR) 8.5 (3–50.5) 17 (4–58) 51 (5.75–63) 53 (6–64)
18 points 60% 52% 38% 36%
18 points 40% 48% 62% 64%
Abbreviation: IQR, interquartile range.prerequisite to detect these differences. However, in later re-





















































































































































































































































































































































































































































































































































































1414 POSTSTROKE ARM HYPERTONIA AND MOTOR CONTROL, de Jong
Arch Phys Medsearch, differences in resistance between grades 1, 1, and 2
could not be confirmed.30 Future research is warranted to solve
his issue. Third, only data of surviving participants were
ncluded in the analysis because they completed all assess-
ents needed for the prediction model. Probably these partic-
pants had less extensive strokes than those who died in the
ourse of the study. This selection probably resulted in an
nderestimation of incidence and prevalence data. Finally, the
mount of arm function training participants received from
ccupational and physical therapists during their participation
id not confound the outcomes under study, but because some
ata were missing, the influence of arm function training needs
urther investigation in future studies.
In our study sample, the incidence rate of elbow flexor
ypertonia was low at 48 hours and at 10 to 12 days (10%–
3%), and reached a 30% maximum at 3 months poststroke
ith an additional 7% after 6 months. The prevalence steadily
ncreased from 10% to 20% in the first 10 to 12 days to a
aximum of 42% at 3 and 6 months poststroke. Comparison of
hese results with those of others (who claimed to have as-
essed spasticity, but who used the MAS and thus assessed
ypertonia30) is hampered by differences in methodology. In a
frequently cited prospective study by Sommerfeld et al7
(n95), an incidence rate of 21% was found at 5.4 days after
stroke. Three months after stroke an incidence rate of 3% was
found. The prevalence was 19% at that time. Their higher
initial incidence rate could be explained by the cutoff point
applied (MAS0) and because the assessment was not limited
to the elbow joint only. However, if this argument were true, a
higher incidence and prevalence would also be expected at 3
months poststroke in that study. More recently, a 4% incidence
rate of hypertonia (MAS 1) at 2 to 10 days poststroke was
reported. The prevalence was 23% at 6 months poststroke.19
Since the cutoff point for hypertonia was lower than in our
study, the differences between our studies cannot be explained
adequately. Yet another definition of hypertonia (Ashworth
Scale 2) was applied in a study12 where hypertonia in the
lbow and wrist was observed at time points similar to those of
ur study. The overall incidence rate in that study was very
igh: 63%. This high rate probably occurred because the most
everely affected patients (suffering from first-ever or previous
trokes) were selected in order to increase the chance of iden-
ifying risk factors for early or persistent hypertonia. Although
o correlation was found between “early” hypertonia and pre-
ious stroke in that study, confounding (hypertonia from a
revious stroke) may have affected the results. We therefore
rgue that it is best to only select patients with first-ever
trokes.
The diversity in patient selection, joint assessment, moments
f evaluation, and cutoff points for hypertonia illustrates the
Table 4: Prediction of Hypertonia (MAS >1) in the First 6
Months Poststroke
Predictors  SE P OR (95% CI)
Poor arm motor control
at t1 2.55 .67 .001 12.78 (3.46–47.25)
Days after stroke 0.011 .004 .003 1.01* (1.00–1.02)
Constant –3.17 .56 .001 0.04 (0.01–0.13)
NOTE. Results from GEE (N50).
Abbreviation: OR, odds ratio.
*It may seem that the effects of time can be neglected since the OR
is 1.01 per day, but the influence of, for example, 30 days is consid-
erable, resulting in an OR of 1.4  e(30 .011).difficulty of comparing the different research results. ThereforeNO *S
i
























































































1415POSTSTROKE ARM HYPERTONIA AND MOTOR CONTROL, de Jonga general overview of how many patients with stroke develop
hypertonia can still not be given. What does seem clear, how-
ever, is that hypertonia develops predominantly within the first
3 months poststroke12,14 and that it has a transient course in a
mall subgroup of patients.7,12,14,19 We also observed these 2
atterns in our sample, resulting in a maximum incidence rate
nd prevalence of 30% and 42%, respectively, and a transient
ourse of hypertonia in 8% of our participants. This latter
eature of hypertonia stresses the need for studying not only
revalences but also incidence rates by means of longitudinal
tudy designs from the acute phase on.
To be able to analyze the influence of the level of motor
ontrol on the development of hypertonia, we divided our
articipants into 2 distinct FMA groups. We used an 18-point
utoff score because poststroke recovery trends indicate that
hose who have the poorest level of recovery score around 18
oints in the chronic phase poststroke,31,32 and a score of less
han 19 points within 4 weeks poststroke is a strong indicator
or poor outcome at 6 months.33 By applying this cutoff score
e managed to make a clear distinction between those with
oor arm motor control (typically showing only hyperreflexia
nd mass synergy patterns of shoulder internal rotation, finger
nd elbow flexion) and those with moderate to good motor
ontrol. In the current study, the poor recovery group repre-
ented 60% of the 50 participants at 48 hours and 36% at 6
onths poststroke. During their participation, all participants
eceived a comparable amount of OT and PT. Participants with
he poorest level of arm motor control kept receiving arm PT
p to 6 months poststroke. A comparable number of partici-
ants in both arm function groups received OT, which was
iscontinued in the poor function group only after arm motor
ontrol had stabilized at 3 months poststroke. This led us to
onclude that arm training did not confound hypertonia devel-
pment. However, one could instead argue that hypertonia was
ggravated by the arm function training, a hypothesis that
ould require further investigation.
Results from our analysis showed that time was a significant
ontributor to hypertonia development. This was not surprising
ecause both reflex hyperexcitability (resulting from reorgani-
ation within the central nervous system) and contracture (re-
ulting from secondary soft tissue changes) need time to de-
elop.17 Although the resulting OR suggests that the effect of
time could be neglected (1.01 per day), the influence of, for
example, 30 days is considerable, resulting in an OR of 1.4 
e(30 * 0.011). Participants with poor arm motor control 48 hours
oststroke had a 13 (95% CI, 3.5–47.3) times higher OR of
eveloping hypertonia in the subsequent 6 months compared
ith those with moderate to good motor control. This result is
n concordance with an OR of 10 (95% CI, 2.1–48.4) found in
nearly similar sample,19 despite another definition of hyper-
onia (MAS 1 in any of 4 arm joints). In another study,6 an
R of 22 (95% CI, 3.9–125) was found in a subgroup of
articipants with the most severe paresis. Despite our smaller
ample size, our 95% CIs for the estimated ORs were smaller.aybe our study sample was more homogenous with respect to
f
ihe level of arm motor control. However, this assumption
annot be verified because of differences in arm motor control
ssessment. To analyze the effect of the cutoff point for the
MA, we performed a post hoc sensitivity analysis. The re-
ulting ORs for poor motor control were 14.5 and 9.3 when
sing an FMA cutoff point of 9 and 36 points, respectively.
hese results indicate that the level of the cutoff point has an
nfluence on the outcome, but they also show that the FMA is
fairly robust predictor of hypertonia development.
Our findings have shown that elbow flexor hypertonia de-
elops in a considerable subgroup of patients with stroke. Our
ndings also imply that as early as 48 hours poststroke, one can
redict who is most at risk for hypertonia development based
n the FMA score. This knowledge might serve physiatrists
nd therapists to inform their patients about the risk of devel-
ping hypertonia. It might also serve therapists to take appro-
riate preventive actions (although a tailored treatment would
equire more detailed discrimination between the neural and
issue-related components of hypertonia). Despite these find-
ngs, hypertonia also developed in a number of participants
ith moderate to good arm function, which underscores the
eed for awareness of this impairment in all patients with
troke.
As mentioned earlier, 2 of the main factors that contribute to
ypertonia are reflex hyperexcitability and the passive mechan-
cal properties of the muscle (contracture).15 Reflex hyperex-
citability may be hard to influence in the early stages after
stroke. Physical and occupational therapists can, however, pre-
vent contracture development in an attempt to keep down the
level of resistance to passive movement. Patients with stroke
who have an FMA score of 18 points or less could, for
example, have measures implemented to prevent contractures.
Such measures are currently not instituted soon enough after
stroke.34 Future prospective research should be performed to
ssess whether such measures, initiated in the acute phase
oststroke, can help to reduce both the incidence and the
revalence of hypertonia and its associated features. To obtain
valid overall picture of the development of hypertonia, it
eems paramount to perform more longitudinal research, to
nly select patients with first-ever strokes, to assess single
oints separately, and to use similar definitions for hypertonia.
n addition, it may be valuable to simultaneously assess clinical
ariables that seem to influence or predict the development of
ypertonia, and to present raw data (Appendix 1) that enables
etter comparisons between studies. Finally, we urge future
esearchers to abandon the use of the word “spasticity” when,
n fact, hypertonia (resistance to passive stretch) is assessed by
sing the MAS. This also implies reevaluation of epidemio-
ogic data concerning spasticity as, for example, defined by
ance.35
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1416 POSTSTROKE ARM HYPERTONIA AND MOTOR CONTROL, de JongAPPENDIX 1: PATIENT RAW FUGL-MEYER ASSESSMENT AND MODIFIED ASHWORTH SCALE DATA AT 48 HOURS (t1), 10 TO 12
DAYS (t2), 3 (t3) AND 6 MONTHS (t4) POSTSTROKE
Participant
t1 t2 t3 t4
FMA MAS FMA MAS FMA MAS FMA MAS
01 6 0 6 1 40 2 41 2
02 21 0 17 0 59 0 55 1
03 59 0 58 0 65 0 57 0
04 57 0 66 0 63 0 66 0
05 11 0 59 0 66 0 63 0
06 63 0 66 0 66 0 66 0
07 62 0 65 0 66 0 65 0
08 66 0 66 0 66 0 66 0
09 52 0 58 0 51 0 49 0
10 65 0 66 0 66 0 66 0
11 5 1 6 0 6 1 5 1
12 35 0 55 0 55 0 65 0
13 59 0 61 0 63 0 66 0
14 3 1 32 1 27 1 52 1
15 52 0 63 0 64 0 65 0
16 64 0 64 0 64 0 64 0
17 0 0 0 0 6 0 12 0
18 8 0 9 0 6 0 7 0
19 12 1 17 1 34 3 38 3
20 5 0 3 0 2 0 1 1
21 3 0 4 0 6 2 8 2
22 5 0 58 0 62 2 64 2
23 2 0 20 1 58 2 59 2
24 61 0 61 0 66 0 66 0
25 2 0 4 0 3 1 3 2
26 63 0 65 0 65 1 65 1
27 4 0 4 1 10 2 9 2
28 4 1 6 1 4 2 6 3
29 9 0 7 1 4 0 4 0
30 2 0 6 1 6 1 6 1
31 12 0 12 0 60 0 62 0
32 5 1 31 1 36 2 27 2
33 5 1 32 1 61 1 61 1
34 38 1 53 1 65 0 65 0
35 7 0 7 1 15 1 22 2
36 2 0 7 0 4 2 2 2
37 39 0 34 0 61 0 59 0
38 3 0 2 1 4 0 4 0
39 0 0 0 0 2 0 6 0
40 26 0 2 0 62 0 61 0
41 0 1 21 2 58 3 64 3
42 4 2 4 2 5 2 5 1
43 50 0 10 0 51 1 54 2
44 46 0 1 1 4 1 2 2
45 2 0 2 3 2 2 2 2
46 2 0 2 1 2 2 2 2
47 3 2 15 3 24 1 25 2
48 18 0 57 0 60 0 60 0
49 1 0 1 0 5 1 6 1

















NOTE. The FMA arm score ranges from 0 to 66.
Abbreviation: IQR, interquartile range.Arch Phys Med Rehabil Vol 92, September 2011
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